The Paper presents a study of laboratory accreditation in a testing laboratory, the implementation steps and the practical benefits derived from such an enterprise.
evaluation and comparison of the quality system in a case study laboratory, XYZ Laboratory, to the quality management system of an accredited laboratory showed that some of the requirements of the standard were being met to some extent while some clauses required the development of appropriate procedures before implementation could occur. The precision of the laboratory results was also investigated and found to reach acceptable levels. The impacts and benefits of accreditation were analysed. It was found out that though workload increases along with running costs with laboratory accreditation, the multiple advantages like marketing advantage and international recognition outweigh the difficulties encountered while setting up the system. The feasibility of accreditation showed that laboratory accreditation is a demanding process and it requires significant investment, in the preliminary stages. The cost issue will require the financial support of top management.
An implementation guideline for ISO/IEC 17025:2005, addressing all the requirements of the standard has been developed for this study. It can be used as a guide to implement a quality management system in a testing laboratory. Results, discussions and recommendations have led to the conclusion that laboratory accreditation is a challenging process. The success of the implementation of a quality management system, based on ISO/IEC 17025:2005, is achievable if there is commitment from top management and through adequate staff involvement.
*For correspondences and reprints

INTRODUCTION
Nowadays, a wide range of socio-economic activities depend on measurements. In Mauritius, the use of quality management systems and laboratory accreditation are acquiring significance in various sectors. Companies are now aware of the benefits of implementing quality management systems and acquiring accreditation.
Though the implementation and maintenance processes involve major investment, organisations are conscious of the fact that customer satisfaction is an important asset to their business. Moreover, government bodies are more likely to seek the services of an accredited laboratory knowing that their decisions will be based on accurate and reliable data. 
AIMS AND OBJECTIVES OF THE STUDY
The aims of the project are to design an approach for the implementation of a quality management system in compliance with the requirements of ISO/IEC 17025:2005 at XYZ laboratory and to enumerate the practical benefits derived from laboratory accreditation.
The aims will be achieved through the following objectives: 1) Analysis of the clauses of the ISO/IEC 17025:2005 standard which would be applicable to the quality management system (QMS) of XYZ laboratory.
2) Evaluation of the existing quality system at XYZ compared to a QMS of an already accredited laboratory.
3) Discuss the benefits of accreditation and assessing the feasibility of the accreditation process. 4) Develop an implementation guideline for the XYZ laboratory.
Scope of Study
This study involves the identification and assessment of the various aspects to be considered for the implementation of a QMS based on the ISO/IEC 17025:2005 standard at XYZ laboratory. As ISO 9001:2000 requirements are part of the ISO/IEC 17025:2005 standard, the scope of the project can also be defined as an integration of both these standards.
Limitations of Study
Due to the numerous issues involved in this endeavour and the short time interval, consideration will be given to the general features for operation of a quality management system in the laboratory. Emphasis will be laid on the approach to be adopted in order to achieve the requirements of the ISO/IEC 17025:2005 standard and the practical benefits linked to the implementation of such a system.
INTRODUCTION TO QUALITY
It is an undeniable fact that, in our contemporary world, being competitive is the key to success for any company. Competitiveness involves delighting the customer and exceeding his expectations and to achieve these goals, there is a need for quality. The benefit attached to the quality of products is the reputation it brings to the company. In addition, the search for quality drives companies towards continual improvement of their management system and development of efficient ways to meet customer satisfaction. Moreover, the impact of quality on cost should not be neglected and this is explained by Deming's philosophy 
The Purpose of a QMS in a Testing Laboratory
A QMS in a testing laboratory is a way of showing that the quality of the final test results can be relied upon. The presence of quality assurance, through the use of appropriate procedures and management methods, guarantees clients that errors, in test results, are minimised. The QMS provides the laboratory with measurement traceability, the opportunity of error prevention by the use of preventive actions and the possibility of initiating corrective action when errors are detected.
Laboratory Accreditation
ISO 9001 is the general standard which specifies the requirements for a quality management system, whereas ISO/IEC 17025 states the requirements for the accurate information to take their decisions. Therefore, the benefits they derive from using data from an accredited laboratory are as follows:
1) Increase in public confidence.
2) Assurance that quality data is being used to establish baselines for key analyses and decisions.
3) Reduced uncertainties associated with decisions that affect the protection of human health and the environment. The final product of the assessment is a detailed report highlighting nonconformities. The appropriate corrective actions need to be implemented before accreditation is delivered. It is to be pointed out that the accreditation granted is for specific tests and that the MAURITAS Accreditation Logo can only be used for test reports containing test results of the methods included in the Accreditation Scope.
METHODOLOGY
In order to achieve the aims and objectives of the project, several steps have been employed. The main stages of the study are as shown in Figure 3 below.
RESULTS
From the results of the evaluation, it can be deduced that the laboratory operates a quality system but does not possess the appropriate documentation to implement it fully. With the development of the missing procedures and their implementation, the laboratory can operate an appropriate QMS conforming to the requirements of the ISO/IEC 17025:2005 standard. 
Comparison between Existing Quality
Precision of Results Generated by XYZ Laboratory
Results obtained from the tests carried out on the samples at XYZ laboratory are given below. From Table 1 
DISCUSSION
Impacts and Benefits of Accreditation
Accreditation will generally change the way a laboratory functions. The status acquired by a laboratory, the way the work is carried out and the additional calibration data generated in one country to be accepted in the other country. These arrangements allow laboratories to achieve some form of international recognition as the results they will send abroad will be accepted as reliable and accurate.
Feasibility of Accreditation and Associated Costs
Accreditation The most time consuming and difficult part is the development of the documentation aspects of the QMS. Quality Plan, Quality Manual, Standard Operating Procedures (SOPs), work instructions, job descriptions and records are some of the documents that need to be created or reviewed. The creation of these documents will require the help of all laboratory personnel and therefore, development of the quality system will have an impact on the work load. Training is another aspect that needs to be considered while implementing the QMS. The laboratory will need to recruit additional personnel in order to maintain the QMS and the guidance of a consultant will be a plus point for the implementation process.
Additional data, collected from MAURITAS, along with some approximate figures were used to estimate the percentage investment required by the important components for the accreditation process as shown in Table 2 . Case 1 refers to a laboratory employing local consultancy while case 2 deals with a laboratory using international consultancy. The low end of the Proficiency Testing (PT) costs range has been used for case 1 and the high end for case 2. It can cost about 1.5 million rupees or more for an average laboratory in Mauritius to be accredited. A structured approach should be adopted whilst implementing ISO/IEC 17025:2005... XYZ laboratory forms part of a company that is actually implementing the MS ISO 9001standard. Therefore the company is already familiar with systems implementation. The difference lies at the scope of tests that need to be defined for ISO 17025 implementation. Selected tests will be based on factors which directly affect customer needs for quality of products and statutory and regulatory norms for production. The main steps for the implementation of the standards are as shown in Table 3 . 
Implementation Guidelines
 Starting Point: Understanding ISO/IEC 17025:2005
Top management and personnel of XYZ Laboratory should be committed to the implementation quality in a testing laboratory. One important step when developing or planning the implementation of an ISO/IEC 17025 quality system is the appointment of the quality manager and of the technical management of the laboratory by top management. Where needed, adequate training should be provided to relevant staff.
Evaluation and Comparison of Actual System
The evaluation and comparison of the quality system of XYZ laboratory has already been carried out and is given in section 5.1. Similar comparisons must be made to confirm the results.
Planning
XYZ Laboratory should make use of the gap analysis to devise a plan for the implementation of the standard. The plan should address the preparation of documents related to procedures and work instructions and how the work will be distributed among the staff. The quality manager should coordinate all the work and find out what resources will be needed to implement the system.
Other aspects that should be mentioned in the plan are:
1) The time expected to complete the implementation of the system.
2) The accreditation body to be chosen.
3) Training sessions, seminars or workshops for laboratory personnel.
Implementation of the standard involves a lot of work and the role of the quality manager is to synchronize the laboratory work and the implementation programme.
Laboratory personnel should develop a new time table for their work in order to accommodate slots for the implementation program as they will be the ones developing the new procedures. The quality manager should guide them and inspect the appropriateness of the written documents.
Quality Management System and Document Control
Quality Policy Statement XYZ Laboratory should develop a quality policy and an example is given in Figure   5 . Once the quality policy statement has been signed and read by the personnel, the flow of communication needs to be defined. This is normally demonstrated with the help of Organizational charts which show the position held by each staff and the channels of communication for each department and for the organization as a whole. In this chart, generally, the quality manager reports directly to top management. As for the staff, the required level of experience at each post should be described and the limits of responsibility and authority should be well defined.
Quality Policy Statement:
The quality policy of XYZ laboratory is to ensure accurate and timely analytical services and to continuously meet or exceed the expectations of its customers through daily interactions.
1)
Management is committed to good professional practice and quality services provided to the customer.
2) Standards of service include: Customer Satisfaction, Accurate, Timely
3) The purpose of management system related to quality is to manage business by meeting the needs of customers.
4)
Personnel familiarise themselves with quality documentation and implement the policies and procedures in their work. 
Scope of Tests General
Defining the scope of accreditation represents the next step. The scope of accreditation contains information about the testing field (e.g. chemical), the measurement principle, the products to be tested and the procedures used for the tests (ILAC 2002) . Some parameters used to indentify tests are:
 The quantities to be measured
The description of the scope should be precise and should contain either the method used or the equipment operated and a description of the measurement principle. XYZ Laboratory should prepare a formal and precise statement of the tests it wants to be accredited for. As XYZ Laboratory is a water and wastewater testing laboratory, it will generally include APHA methods in its scope. An example of the scope of tests identified for the laboratory is given in Table 5 below. 
What is Method Validation?
Method validation is the process of describing an analytical requirement and evaluating the method's performance capabilities. Method validation should be carried out with equipment that has been properly calibrated (EURACHEM The
Fitness for Purpose of Analytical Methods 1998.)
Parameters for Method Validation
The parameters for method validation have been defined in different working groups of national and international committees and are described in the literature.
Unfortunately, some of the definitions differ between different organizations. An attempt for harmonization was made for pharmaceutical applications through ICH where representatives from the industry and regulatory agencies form the US, Europe and Japan defined the parameters for analytical methods validations. The parameters as defined by ICH and by other organizations and authors, are summarized in Table   6 . 
Extent of Method validation
Validation can be stopped when the laboratory concludes, from accumulated results, that the method is suitable for the stated purpose. The extent depends on the type of method. If it is a documented in-house method, then, validation will be complex as most of the performance parameters should be assessed. In the case of documented in-house methods based on standard specifications, validation will be less complicated. For standard methods, some validation for the accuracy and precision are required because there is no guarantee that the skills of operators or performance of instruments are the same as those used to generate the standard validation data (Rowley 2005). It is to be highlighted that validation is needed when laboratory uses non standard methods, laboratory designed/developed methods, standard methods used outside their intended scope and amplifications and modifications of standard methods. On the other hand when a laboratory uses a standard method, there is a need for verification (which is a small scale validation). Verification includes at least repeatability, reproducibility, and trueness (expressed as bias or recovery).
XYZ laboratory makes use of both standard methods and documented in-house methods based on standard methods. These types of tests methods require validation and XYZ laboratory should determine the following parameters before validation.
Parameters like bias, selectivity and limit of detection are already given in the standard test method.
Equipment Calibration and Identification
XYZ laboratory already has the appropriate equipment records. The evaluation of the actual QMS showed that procedures for equipment are missing. Table 7 provides are equipment procedures that need to be developed. Equipment calibration was also restricted to balances, electronic meters and other complex equipment. XYZ laboratory is therefore recommended to extend its calibration program to the list provided in Table 8 . Calibrated Equipment should then properly identified by providing information such as equipment identification number, the equipment model, the calibration frequency, the last date it was calibrated, the due date for the next calibration and the initials of the person having carried out the calibration process. In order to ease the calibration process, computer software can be used to store equipment and calibration records.
Uncertainty of Measurement
Estimation XYZ laboratory does not possess the procedures for the determination of uncertainty of measurement. Therefore, the laboratory personnel need to be trained to estimate the uncertainty of methods. Areas requiring uncertainty estimation are given in Table 9 .
The following can be used as a guide in the estimation of uncertainty of measurement (Eurachem 2000). It was observed that for some laboratories visited it was a most difficult step to master for the process of accreditation. This task needs to be delegated to adequately trained personnel.
To estimate the uncertainty, a four step process is used. The steps described below are only indicative and it is not the full process of estimation of uncertainty for pH 1) Specify the measurand.
What is being measured should be stated along with the other input quantities on which it depends.
2) Identify the uncertainty sources.
Sources of uncertainties should be listed.
3) Quantify uncertainty components.
Each potential source of uncertainty should be given a value.
4) Calculate the combined uncertainty.
The combination of the uncertainty values, using appropriate rules and expressed as standard deviations, gives a combined standard uncertainty. noticed that XYZ laboratory does not apply the correct calibration frequency. Table Table 10 
Source: Eurachem Accreditation in Microbiological Laboratories
Recommendations for Accommodation and Environmental Conditions
XYZ Laboratory should review its premises as there is a lack of space. The laboratory is, also, recommended to control the environmental parameters. A summary of recommendations is given below. 
Staff Training
The evaluation of the QMS showed that staff training was insufficient. Regarding the estimation of uncertainty, personnel did not receive any training related to this topic. Newly recruited personnel learn and try test methods on their own. Therefore, XYZ laboratory needs to train its employees on estimation of uncertainty of measurement. The laboratory should, also, ensure that new recruits work under the supervision of experienced staff.
Quality Control and Auditing
The assessment of the actual QMS of XYZ laboratory indicated that the only method of quality control being applied was duplication of tests. As quality control is inadequate, XYZ laboratory is recommended to participate in Proficiency Testing 2) Segregated areas should be provided where the possibility of cross contamination exists.
3) The temperature should be monitored, controlled and recorded as some test methods are expected to work within a specific range of temperatures. 4) Good housekeeping and tidiness should be imposed. 5) A system for reporting and recording spillages should be available. 6) Access to the laboratory should be restricted to personnel and visitors should be accompanied by staff.
CONCLUSIONS
ACCREDITATION by definition is the procedure, based on internationally agreed criteria, by which an authoritative body provides a formal recognition that a body or a person is in a position to carry out specific tasks with impartiality and competence.
Accreditation of a laboratory provides a formal recognition that the laboratory is competent to carry out specific tests and demonstrates its impartiality. ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories, is the main standard used by testing and calibration laboratories. The feasibility study of accreditation has shown that the process is a lengthy and demanding endeavour. Laboratory accreditation is achieved at a certain cost and
